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ABSTRACT

Frequently the bdiggest s:iuadbling block to the synthesis
of a strvcturally complex lareled cozpound is obtaining the re-
gui-r 2 ‘ow molecular weight, zor:cturally siaple, isotopic in-
torm=sad:3tes. Many are tecoming rammercially available oz can
to cbtained by custea synthesis; however, for certain applica-

AP wa SodS 4

.

oY ICe irvestigators she time required or the cost

T3y ne mranairitive. Even though facilities and skiils are usu-
Iy AvaLianlc withan the invesiljator's labergtory, ':ock of
“n0alefn e e JJdanee tnut fficiant ethaods for zynthesis
al®® "t a0l Neopes pregents a2 Significant obwilacle (-omctimes

SRR g.Te T ottan o ted’i. Selestien X a particulur scheme
20 e geiven dependg an e available cuanchilities
-ty ot oprvieet desirted, an well ay on anticipated

* e rerl o rement s 3rd mend ter 1elated eonpocnds.  Many of
“re  ranr coganmts {Ar drianic avathesis can Lte arplied effoec-
tivels T oLrntaple preparations «1th inprovement of yields and
simpa.fititinn ot precodures corcared to established classical
methodi. New routes davelaopred Ior Righer molecuiar weight com-
Frunds are cemet ineg not lirecttly daptadle to the ~ne-carbon
1maiNGgs, rither fecause 3! icolat:ieon difficulties occasioned by

TeVSIcal pTogertietr or by chemical reactivities peculiar to



thelr being first members of homolaoyous series. Jarious zoutes
for preparation of carton-~13 labeled methanol, formaldehyde,
and cyanide are compared. Costs for dreparations by the dif-
ferent methods at several scales of reaction should ke care-
fully considered when choosing a synthetic route. Research and
development expenditure to increase yields is an imncrtant,
easily underestimated, economic consideration, particularly for

small-scale, nonrepetitive preparations.



The tuilding blecks from w~hich structurally ccrplex nole-
cules &re .u1lt are the structurally cimaple, low molecular
wright cemprunds.  Yet these simgle structures are ones that
frequently nive -he synthetic ckemist concerned with incorpora-
tipn of isotopes into particular Tolecular positions the most
trouble. Cne reascn Is that they :-e co comronplace as the un-
eieled varietin: and so readily andé cheaply available that no
cne has worried too much about their smalli-scale preaparation

AT G rentyry Or ud, oXCipt cut 3 naecnsizity for labeling,

Yiny »Tegantl CoRhaTmen Cave Lean davel:iped over <he p.3% (ew de-
. 14 . .- .
rades Cor MU 0 seme of thega e directly applicabtle to
e e Dresiteemt Iy they Sust Wil omtt Ioale o to the larger

GadiLct e emes mnarad with stanle (L50tnpes.  Another reason
ittt nirmnle vompeurds caute trecile {5 osnat cheir ghysical
Tooomerr ez, r o thete of *Le jtuveing —atertieln, orfien reguirae

LLTE OOt poet QY maY N0t re fd familiar tn oa CLtoeratsres

. =t L TLurtitglirly trse Y tmaaggrbaon seepenurds ==
Felviotrna st rembers cf oceries, trey oare udsually oa oot
wtman e tompraved tnotnelr Migher fCcrollgs.  Jemetines rhair

puculiar -~har~atoristicor can be sdvi-tagendgs ag well.,
cmeoasnects of svnthesian ot s3:rple C-coxpe nd:r will

pe 2iscussnd whisth should ae crnsidered by the chenist who

nevds to nrepare these materislsz, oicher for *he compaunds



themselves, or as intermediates on the way to more-normal Tole-
cules having sufficient structure to ke more cenventicnally
interesting. Frequently one of the largest obstiscles to carcy-
ing out a complex labeling experiment is in preparing the Te-
quired simple labeled starting material. That is, obtaining
the lcw molecular weight materials, either through = nthesis
carrried out by themselves, by a collaborator, by a graduate
ctudent, by a technician, or howeve:-, does present a :tumniling
Bleck fnr certain invasztigators. This i35 caouaily fere laaygined
than real, and what iz needed i merely some coniidernce build-
ing by objectivoly lcoking at the individual cempenents <f pes-
sible preparative scheners, come to a decision as to the meth.ed
that agpears Lezt Yor the purpnse and for the sosources at
hand, and then rroceed. The problem, when pre-ent, 15 usually
nrodiced by econcmies (rather than ccience) -- which, after
all, muct ke censidered. And in doirg this it 15 impertant to
realize that the izotopbe, aven at a3 theusand doliars or nore
per role in its sinplest chemical form; may be one of the
cheaper conponents of the preparation.

In Fig. 1 are lizted scme cne-carkton cemtounds. As
I‘C-!&he!ed interrmediates some are more common than others.
gut the least utilized (whic ever that might be) may be the

very one which is of the areratest important to somecone's

research. Some are intermediates for others, and even vice



vorsa, depending on particular situations; for example, formic
acid can be prepared from cyanide, and c¢yanide can be prepared
from formic acid. The last comgnund, on the lower right (al-
though containing more than one carbon is functionally a one-
carton compound), is TosMIC -- an exampie of one of the newer
recagents for organic synihesis (2) which should prove increas-
ingly useful in labeling.

In deciding on which particular synthetic cchem2? to se-
lect £rom amecng several possibilities therze are a nunber of
factors to be consideced (Fig. 2). There are certain require-
menl.5 concerning the preduct ana the method that ivust be met
when the chemist sets out to prepare the ccecrnipound, which will
affect his choice, as well as the avaiiability of materiais,
ipparatus, and people with which to carry it out, The nature
of the label desired, that i3, which isotope at what enrichment
and in which molecular site is of vriaary importance (of

course, for one-carhon 1'3(3

cempeunds these are automatic) .
Cepeonding on the amount of product desired, certain procedures
may be more desirable than others; secme m.y not scale uvp, scme
may not scale down, and for a small amount, a low vicld but
quick and easy route is likely to be preferable frcm the eco-
nomic standpoint, as well as in mee*ing a short deadline. Both

deadlines and economics sometimes benefit when the purity re-

quirement is reralistic. For examvle, if product methanol



containe water, there is little point in rend: ring 1t anh-drous
if it is to be cxrbonylated to acetic acid -- 2 reaction tha:
needs water anyway. Future needs and odditional uses for tne
product can justify a larger c5cale which invariadly makes for
lower uriit cost. They can also justify, along with the possib-
ility of future repetition, spending rmore deva:lopment time or
devising of new procedures. Since zrganic synthesis 1s, in
large part, art, as well as science, the challwence preserntaed Ly
the problem can have quite an effect cn how well the ather re-
quirements “re met; esthntics can alzo lead =5 a cronsideraple
increasa in unit ceost, at least frcm the shcri-range viewroint.
A preparative route that may &e an ohvicus chcice for one
labtoratory may ke far from desirakie for another. The avail-
ability of facilities, ecxperience, and type of zocple to carry

out the werk can be very different. A lakora-=ry that is well

-

stocked with a variety of autoclaves and gr-ocsura vensels and
prrople with an interest in them 15 more L:<elv To carry out a
reduction by catalytic hydroqenaticn t:an iz 1 '2b that has
specialized in metal hydride reacticns. The chenical form cf
available isotecpic starting materials can alzo affect the
choice of a route. For example, if lakteled formic acid happens
to be left over from a previous preparation, ti:ec chesen path to

formaldehyde is likely to be different than if lakeled methancol

or carbon dioxide were to be the starting material. And, of



course, life can he simplified greatly when the particular re-
quirements (including the ‘:sthetics) can be satisfactorily met
by a commecrcial source.

Perhaps the most common one-carbon intermediate is metha-
nol. It will serve as an 2xample in a process which is helpful
in deciding among alternz2tive cynthetic schemes. One route is
the hydride reduction cf carton dioxide using reagents with
high boiling points, which permit easy isolation of the metha-
a0l (Fig. 3, Route A). This prccedure was developed by
Nvstrom, Yanko, and Brown (3) in the late 1940s for
1

4C-methano] and recently applied for the 13

C-analoqg (41).
Stancdard apraratus and techniques founa in any lakoratory are
used. Rcute B was developed for relatively large-scale prepa-
rations (prcobably larger by far than must individual investiga-
tors need), 2lthough it does scale cdown quite nicely (5). The
vinld is a little better, and the only work up required (if
thaut) 1s remnval of the wmole of water.

But is5 the higher yicld arnd =2asier procedure (once the
apparatus is in operation) econocmically justified on the more
usual laboratory scales? 1In Table I the cost estimates (except
for the isotopic carbon dioxide) are quite crude; but it is not
the absolute values that are so important as it is the compari-

sons, and the relative numbers should be more independent of

bad quesses. Just the mechanics of actually sitting down and



preparing soﬁething like this gives additional input to the de-
cigsinn making process. Three scales of reaction are illustra-
ted -- 1-, 10-, and 100-grams of methanol, and two levels of
operational expense that ecuate to about $10,000 and $50,900
per man year. In this example, the two routes are not tremen-
dously different in cost, and choice between them prokably de-
pends more on the other factors, It is obvious, however, that
there is a real quantity price break, and also, that if one of
the senior staff has some inexpensive tec'inical help that can
do the preparation, he can get 10 grams f{or less than the cost
of 1 gram doing it himself. Another thing to notice is that if
3ll that is required is 1 gram, it is a fairly safe econonic
gamble just to go with Route A and no trial runs. Usually
though, in practice, esthetics and such matters enter in and
this will not be done. The isotope is not z2lwayvs the most ex-
pensive thing in the pot.

Cyanide is another important and versatile intermediate.
The procedure on the upper portion of Fig. 4 (6) is more adapt-
able to large scale or repetitive requirements in that more
nonstandard equipment must be assembled. There was an unplan-
ncd fringe benefit in having a large-scale methane synthesis
method already available when the requirement arose for mass-21
-iethane to be used in trials as an atmospheric tracer (7). The

method on the lower part of Fig. 4 (8) is quite straight-
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forward, using conventional equipment, but the vield is lower,
HCN evoluticn is slow, and the crude product has to be purified
by regeneration and absorption of HCN -- not too complicated,
but time constming Hopefully, someone soon will come up with
a new and nicer scheme -- perhaps based on some of the more re-
cent methods developed for dehydrating amides to nitriles.
Hydrogen cyanide is merely the nitrile corresponding to form-
amide, but examples are already kxnown which work well for
higher molecular weight amides, although fail for this prepara-
tion (8).

Industrial production of formaldehyde is by catalytic
oxidation of methanol. Such procedures are also adzptable to a

13c. aqg lc-

laboratoryvy scale and have been applied to
formaldehydes with yields around 85 or 90% (l). Thaoir chief
disadvantage is that much develcrment time is used in making
dozens of trial runs to optimize flow rates, ratio of methanol-
to-air, temperature, and so on, and almost invariably a few
trials of new, different, and hopefully improved catalyst for-
mulations. Direct reduction of carbon dioxide by lithium alu-
minum hydride (Fig. 5) (9) is much simpler, especially for
small amounts, although the yield is lower. Reduction of the
formanilide (9) is also very convenient, particularly if the

formate (6, 10) or formanilide can also be used for other pur-

poses, which is often the case. Whatever possibilities are
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considered, the requirement as to the desired form -- whether
formalin, paraformaldehyde, or the monomer -- will need to be
considered.

Figure 6 illustrates a preparation of tosylmethyl isocya-
nide (11) (a "multi-carbor, one—éarbon intermediate"). The
starting material is again formate-13¢c for lakeling at the
cyanide carbon to provide a reagent useful in heterocyclic syn-

theses. By employing methylamine-13

C the methylene carbon

can be labeled. Over the past several years a variety of these
new type “umpoluﬁg“ reagents have been appearing which should
find applications in isotopic synthesis -- not so much perhaps
in introducing a single label, but in labeling a specific site
in a-mulﬁiply labeled ~ompound. TosMIC, for exemple, can be
used to prepare symmetrical and unsymmetrical k=tones and 1,2-
diiketones, 2-hydroxyaldehydes, carboxylic acids, and nitriles
(2).

One of the best ways to assure a successful, economical
preparation of a labeled compound is to make use of an effi-
cient, well-developed procedure that has been selected after
careful considerations of the various Lequirements and specifi-
cations for the labeled product as well as of the particular

capabilities that are available in the laboratory in which the

preparations will be performed.
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(EtCCH2Cﬁzo)24A

4CO. + 3LiAlH

5 4 LLAl(OCH3)4 + 2L1A102

Bu (CC132CE!2) ,OH

;.,J.A,.(CCHB)4 — CHBOH + LL:\I(OR)4
5

(8

~-95%3)

Cu=-Cr-=2n
CO:2 + 31{2 30070 - CII3OII + HZO

(97-99%)




Co + 3H2

CH, + 2NH

4 3

Nl!iCH + Na

-20-

Pigurn 4
t—— ——

Ruoz
300°

Pt -
1000°

o ————

CO + ROH HaoR
el
COOR + NH, ROH -
THF
HCONH - -
2 LL14, ﬂ3p
HCM + NaOlf ———————e

Cl-l4 + HZO

iH,CN + 3H

4 2

NaCN + Nll3 + 1120

(90-95%)

liCOOR

HCONH2 + ROH

HCN + ¢31’0 + CHC].3

NacC\N + “20

(65-701%)
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Fiagure 5
SaREE D

CO, + LiAlH, ;; g¥36n0°5c1 — HCHO
13- (55-65%)
H_O
CO + NaOH s ECOONa
HCOONa + C.i!.NHCH. -uCl 150° C_H_N(CH.)CHO
6‘5& 3 e 6 5 3 'Yy
LiAll,
CHgN (CH ) CHO = HCHO

(75-80%)



Figurc 6
. o e 1) 190° ..
HCOONa + CilTH,*1IC1 S—5%0° HCONHCH
p-CH.C.i,S0.Cl
HCONIICH 36 4 2 —  CH,NC
p-CH.C.H SO.F
35614595
CH_NC 2 . -
3 P—-CH,C_H,SO,CH,NC



